
 

 

Natural Gas Transportation 

Technology Pathways  

to Achieve Air Quality Goals 
 

Cherif Youssef 

Technology Development Manager 

Natural Gas Vehicle Technology Forum & ARPA-E MOVE 

Los Angeles  

October 16, 2014 



2 2 

Southern California Gas Company 

» Subsidiary of Sempra Energy 
(SRE) 

» The nation’s largest natural 
gas distribution utility 

 20.9 million consumers  

 5.8 million meters 

 500 communities 

 Annual Throughput 1TCF  

 4 Storage Fields 136 BCF 

» Industry leader in customer 
satisfaction, safety and cost-
effectiveness 
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Statewide CO2

South Coast NOx

San Joaquin NOx

Source:  

Curves based on CARB Vision for clean air Scenario 3 in CARB vision model, 

available at  http://www.arb.ca.gov/planning/vision/vision.htm 

CARB Statewide  

2050 GHG Target 

SJV carrying capacity for 80 ppb  

ozone standard = 160 tons/day 

2023 - SCAQMD carrying  

capacity for 80 ppb ozone  

standard = 115 tons/day 

Current Paths Miss Emissions Goals 
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2032 - SCAQMD carrying capacity  for 

75 ppb  ozone standard = 80 tons/day 

South Coast NOx Targets 

San Joaquin NOx Target 
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Natural Gas Transportation Pathways  

For Today 

• Heavy Duty Trucks 

• Buses 

• Rail  

• Marine 

• Cargo Handling 

• Construction 



Natural Gas: A Foundational Fuel 

Abundant 

Affordable 

Domestic 

Clean 
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Locomotives Fleet Vehicles Cargo Handling 

Equipment 
Marine Vessels Heavy Duty Trucks 

Offering Cleaner Solutions for 

The Mobile Sectors 

Expanding Focus Current Focus  

CNG LNG 



“Near Zero” NOx Emissions for Heavy 

Duty Truck is Achievable through 

Technology Development 

1. grams per brake horsepower hour (g/bhp-

hr) 
 



Applying the Five Strategies for  

NOx Reductions from Natural Gas HDVs 

8 

Dedicated NG 

engines 

Three-way 

catalysts, 

SCR 

Hybrids: 

Battery-electric, 

Hydraulic 

Today Near-term (2013-2023) Long-term (2023-2032+) 

Aerodynamics, Weight Reduction, and Rolling Resistance Reduction Strategies  

(reduces vehicle energy needs and related fuel consumption) 

Hydrogen/methane blends, Improved ultra lean ignition & air/fuel 

control technologies (Reduces fuel pathway NOx emissions) 

Advanced Engines 
(improved combustion and engine efficiency reduce emissions) 

Advanced 

After-treatment 
(Westport  committed) 

Strategies / 

Technologies 

Targets <0.2g NOx <0.05g NOx <0.02g NOx 
ZE Miles, Net Zero, ZE 

Equivalent   

Hybrids: Catenary, Plug-in,  

Fuel Cell 

CNG/H2 Blends 



Technologies Also Address Greenhouse 

Gas (GHG) Goals 
Efficiency Improvements &  Renewables Availability 

Increase Over Time 
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SCG Supported CNG RD&D Programs for HHD Trucks 

Project 

NOx 

Goal 
(gr/bhp

-hr) 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

CWI ISL-G 

8.9L 
0.20 

CWI ISX 

12G 
0.20 

CWI 6.7L   0.20 

Doosan 11G 0.05 

Brayton  

Gas Turbine 
0.05 

CW  8.9L & 

Cummins 

15L 

0.02 

BAE/GTI 

ZEV-

Catenary 

with CNG 

Genset 

TBD 

Three HEV 

Trucks 

 (Cl 8 & 4) 

TBD 

Commercial 

Commercial 

RD&D 
Pre-

commercial 
Commercial 

RD&D Pre-commercial Commercial 

Note: Formal EPA/CARB emission certifications could occur at start or end of pre-commercial periods 

RD&D 
Pre-

commercial 

RD&D 
Pre-

commercial 
Commercial 
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RD&D 
Pre-

commercial 

RD&D Commercial 



Infrastructure - Central 
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• Standardized 

station designs 

• Increased 

dispensing 

efficiencies 

• Better controls, 

including for time-

fill 

• Smaller footprint 

• Lower cost 

• Co-Locating with 

Hydrogen Station 

• On-site Hydrogen 

Production (SMR)  



Current HRA Products  

Price vs Fill Rate (GGE/hr) 
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Fuel Storage 
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Need: 

• Lower Cost 

• Lower Pressure 

• Less/Conforming Space 

Conforming Tank Courtesy REL 

Low Pressure Absorption Tank 

Courtesy UoM and ANGP 



Light Duty CNG-Hybrid  Fleet Vehicle Study  

» A review of markets and technologies suggests a commercially attractive LD CNG 
vehicle should target fleet applications driving at least 50,000 miles/year   

  

» The economic analysis suggests that for the high mileage fleets, an incremental 
retail price of around $3,400 could be justified relative to the current NG conversion 
cost on a 3 year payback, 15% fuel efficiency improvement and 60k annual 
mileage  

 

» Can be achieved by mix of advanced engine, tanks and mild hybrid technologies to 
achieve a required 15% fuel efficiency improvement using the following strategy:  

 Mild hybridization ideally with a 48V system and optionally electric 
supercharging 

 Improved engine systems (air supply, fuel system, etc.), limited by 
manufacturing implications for  high volume gasoline engine production 

 An improved NG storage system package to limit cargo space intrusion with 
either a multi-cylinder underfloor installation or one of the conformable storage 
technologies currently under  development 

 

» Final demonstrator technology selection will depend on:  

 Demonstrator team partners and their objectives 

 Target fleet application 
• Source: Ricardo 

 
 

 



 

Targets for the CNG-Hybrid are summarized 

Category Target 

Vehicle Class Large sedan 

Target fleet application Taxi and Police fleets  

Make sufficiently attractive to appeal to retail consumers 

NGV type Dedicated (or CNG dominant range extender bi-fuel) 

Fuel efficiency 15% improved over current NGV technology 

Performance Similar to or better than today’s NGV 

Emissions class LEV III, SULEV 30 –if needed to meet manufacturers fleet 

average, no direct benefit for an NGV) 

Consider defining path to meet 2021 PM requirement 

ZEV category Up to 2017MY –PZEV / AT PZEV 

NG range Min. 200 miles  

Storage Minimal passenger and cargo space reduction (target max 

25% cargo space reduction)  

HOV access Desirable (dedicated NGV only)  

Retail price target for up-fit/ 

conversion 

Up to $3,400* over current CNG conversion cost  



SoCalGas:  Facilitating Cleaner  

Energy Options for our Customers 

» Offering Compression Services to facilitate 

development of NGV market. 

» Offering Biogas Conditioning Services to facilitate 

development of renewable natural gas market. 

» Evaluating CHP Services tariff to facilitate more 

efficient use of heat and power. 

» In the future, considering LNG and/or Hydrogen 

Production Services as energy economy moves to 

cleaner fuels. 
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Economic Analysis via the “NPC Model” 

» Economically Derived Analyses are 

required to project NGV new sales 

(penetration rate) based on 

competition with diesel technology  

» National Petroleum Council 

Future of Transportation Fuels 

Economic Decision Model (“NPC 

Model”) was used to determine rates 

of NGV adoption by the open market 

» NPC Model Projections are 

consistent with projections published 

by independent research organizations 

» SoCalGas Adjustments are made to 

the NPC Model settings specific to the 

South Coast Air Basin marketplace 

» SoCalGas “Reference” and “High” 

NGV adoption curves via the NPC 

model are derived to bound the 

analysis 

South Coast Air Basin NG Penetration Analysis 

Heavy Heavy-duty Truck Tractor NG Sales 
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» Fuel Price Projections are based on 
150% of EIA 2010 projections  

 

» Model variables adjusted for 
SoCalGas scenarios include natural gas 
vehicle cost and the natural gas 
adoption curve (2 settings, aggressive, 
conservative) 

 

» SoCalGas Reference Penetration 
Rate case (“SoCalGas Reference”)  
assumes: (1) a high price differential 
between NGV and Diesel Trucks; and 
(2) uses the conservative NGV 
adoption curve 

 

» SoCalGas High Penetration Rate 
case  (“SoCalGas High”) assumes: (1) 
a low price differential between NGV 
and Diesel Trucks; and (2) uses 
aggressive NGV adoption curve 

SoCalGas NPC modeled cases, NG truck  

pricing assumptions. 

Truck Group 
2023 Base Diesel  

Vehicle Cost 

NG Incremental Price in 

2023 

SoCalGas 

Reference 
SoCalGas 

High 

Class 7/8 

Combination $144,953 $47,355 $30,028 

Class 7/8 Single $ 190,399 $18,906 $7,463 

Drayage $144,953  $34,604 $18,399 

Refuse $190,399 $18,906 $7,463 

Class 3-6 $61,529  $21,165 $15,682 
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Summary 

» Natural Gas is not a “Bridge” Fuel, but a Foundation Fuel 

» Engine technology advancements can achieve significant NOx and 

GHG Emissions Reductions to reach near zero emissions 

» Pure economics of transportation fuel will drive natural gas 

technology adoption by the heavy-duty trucking sector 

» Financial incentives can accelerate and increase the adoption of 

conventional natural gas technologies 

» New storage technologies will have tremendous impact on CNG  

» Cost effective Home Refueling Appliances  is needed to encourage 

wide spread usage of LD vehicles 
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